The domain decomposition method is adapted for the simulation of alternating phase shifting masks that bear phase-defects. The scattered signal from a defecftive mask layout is approximated by the sum of the defect-free signal and a perturbation signal that results from a rigorous electromagnetic simulation of an isolated defect. The perturbation signals are generated off-line by creating a database of scattered electromagnetic fields from various relevant phase defects. Comparison of images of defective masks resulting from the adapted domain decomposition method and from rigorous mask simulations of the complete defective mask show that the normalized mean square error of the method is less than 0.3%.
INTRODUCTION
The bright future of alternating phase-shifting masks (alt. PSM) as a major resolution enhancement technique (RET) has been plagued primarily by the difficulty to reliably inspect them, flag locations that phase defects are present and subsequently repair the defective locations. An important consideration of an inspection system for alt. PSMs should be the following: Phase-defects that are not critically affecting the image that a projection printing tool will produce on the wafer surface should be discarded. This is a difficult task, since the only generally accepted safe way of making such a decision is to expose wafers with the suspect defect present and examine if the printed resist images have intolerable artifacts. Clearly, such a process involves the close cooperation of the inspection system with the projection printing tool.
However, an accurate and properly calibrated simulation tool can alternatively assess the tendency of the defect to print or cause other image artifacts. Consequently, the costly step of exposing wafers can be avoided and a decision of repairing or not the defect can rest fully upon the simulation result. To date, results from no simulation tool, that is fast enough in calculating expected images with phase defects present, is accurate enough to base repair decisions on.
The domain decomposition methods developed in [1] - [3] are adapted here for the rapid yet accurate calculation of images resulting from alternating phase-shifting masks. For simplicity in the present discussion the qr-DDM and edge-DDM of [1] and [3] are not explicitly employed in the following. In the simulation examples to follow, the illumination wavelength is 193nm and the phase-wells are designed accordingly, so as to provide the required phase shifts for that wavelength.
TEMPEST [4] - [5] is used for all near-field rigorous electromagnetic simulations and SPLAT [6] is used for simulations of image formation with either the rigorous mask model (r-mask), the domain decomposition model or the Kirchhoff mask model (k-mask).
THE DOMAIN DECOMPOSITION METHOD
Consider the example depicted in In the former cases the defects could probably be discarded whereas in the latter repair seems necessary. Clearly, the luxury of the 10hr-long simulations is only available as a proof of concept and such an approach is not viable for full-chip characterizations. Now, consider the paradigm shown in Figure 2 . A domain decomposition method is invoked, where instead of a one-step simulation of the defective layout two separate rigorous simulations are performed, one with just the defect-free layout and one with just the defect in clear surroundings. The scattered field below the defect is then shifted accordingly, such that the defect is effectively placed at the location it appears in the defective mask, and the uniform background light is subtracted, so as to retrieve the (complex) signal of the local perturbation that the defect causes. This perturbation is added to the defect-free layout signal for an approximation to the signal from the rigorous simulation of the defective mask. The non-defective mask simulation can be performed rapidly using the decomposition methods of
A strategy can now be devised, where a database of the near electromagnetic field scattered from isolated phase-defects in clear surroundings is created for all possible potential defects that are critical.
The volume of such a database can be reduced based on the earlier observations [7] , [8] that defects with similar footprints (lateral dimensions) and small shape perturbations are equivalent from an electromag- Figure 2 , the mask scattering simulation can be broken up into two constituent parts. This approach is shown in Figure 4 . In (a) the phase defect is simulated in an isolated configuration at the location that it appears in the layout. In (b) and (c) the near field across the observation plane below the defective alt. PSM is shown, using the domain decomposition method and the complete mask respectively. The differences are not discernible from the plots of (b) and (c) and one has to look at the amplitude of the error in (d). Not only is the error level of the decomposition low, but the frequency content is very high, so that it will be "filtered out" by the imaging system. 
